Abstract. Crustal extension in the Bullfrog
. Several mechanisms have been proposed to overcome problems with the initiation and propagation of lowangle normal faults [Axen, 1992; Axen and Selverstone, 1994;  track) generated in this and previous studies and used to infer the age of denudation. A basaltic dike which is cut by the Gold Ace fault (Figure 1 ) was also dated in this study in order to limit the age of movement.
Geologic Setting
The (Table 1) , which total -1790 m in thickness [Maldonado, 1990b] . In addition to these units, the 13. The Fluorspar Canyon segment of the detachment fault dips to the north at angles ranging from 25 to 40 ø [Fridrich, 1997] . The Bullfrog Hills segment is poorly exposed but probably also dips gently to the north. In the eastern Bullfrog Hills, the fault is deformed into a gently northwest-plunging antiform [Maldonado, 1990b] which connects to a similar antiform in the Funeral Mountains through an unexposed synform (Figure 1 ) [Carr and Monsen, 1988] . In the Bullfrog Hills, the attitudes of faulted panels in the upper plate [Maldonado, 1990a] suggest that it is folded about the axis of the antiform and that folding postdated movement along the detachment.
At Bare Mountain, the lower plate consists of uppermost Late Precambrian and Cambrian through Mississippian strata totaling -7400 m in thickness . Metamorphosed strata are confined to a structural block that is bounded on the north by the detachment fault and on the east by an east dipping normal fault, the Gold Ace fault (Figure 1 ). The block reaches upper greenschist facies in the southern half and lowcramphibolite facies in the northern half [Hoisch, 1997] . The metamorphic grade drops discordantly across the Gold Ace fault, with subgreenschist facies rocks occurring in the hanging wall [Hoisch, 1997] . Conodont color alteration index data indicate [Hoisch, 1997] . The depths represent the total amounts of postmetamorphism denudation in these two areas. Lower plate rocks in the Bullfrog Hills were probably also metamorphosed at -30 km depth, by analogy with the petrologically similar 1.7 Ga basement rocks in the Funeral Mountains.
There are at least two families of normal faults within the lower plate at Bare Mountain, a set of moderately east dipping faults and a set of gently southeast dipping faults. The Bare Mountain fault, which forms the eastern range front, is a member of the east dipping set, as is the Gold Ace fault (Figure 1 ). Mapping by Monsen et al. [1992] showed that the southeast dipping faults cut or curve into the east dipping faults. They suggested that Bare Mountain is composed of rhombohedra, the edges of which are the curving joins between the two sets. If correct, then the two sets of faults are of similar age. One exception is the Bare Mountain fault (Figure 1) Notes 1, Basaltic dike is cut by the Gold Ace fault, date is age of the dike; 2, cooling age; 3, absolute age of basement metamorphism; 4, oldest age obtained in a series of total laser fusions of two or three crystals; 5, plateau age; 6, isochron age; 7, minimum age. The 4øAr/39Ar muscovite incremental-release spectrum from schist sample BM-TH-14ab (Figure 2 ) is somewhat complex but shows an overall age gradient from ~30 to 60 Ma and yields a total gas age of 53.6 Ma. The final 90% of gas evolved reveals the flattest portion of the age spectrum but yields no statistical plateau or isochron correlation. Ten individual laser fusions of two or three (100 mesh) grains each (Table A3) Zircon and apatite from BM-TH-14ab were analyzed by the fission track method (Table 4) . A distribution of pit diameters was observed in the zircon grains. A date of 30.6+5.3 Ma was determined when both small and large pits were counted. This compares to 12.6+1.6 Ma when only the large pits were considered. The implication is that the sample had a long residence time at temperatures just above the annealing temperature, causing a partial annealing (shrinking) of the older (> 12.6 Ma) pits. Apatite yielded a date of 11.1+1.9 Ma. A U-Pb apatite age of 60+5 Ma was obtained from BM-TH-14ab using coexisting plagioclase to correct for the common Pb isotopic composition (Table 3) (Table 3) The 4øAr/39Ar age spectra for K-feldspar are shown in figure 2 and compared to models generated using the MDD method in figure 4. The K-feldspar age spectra were closely simulated by the MDD models and thus the age gradients are not believed to result from excess argon contamination. The MDD models require argon diffusion coefficients which were determined from the 39Ar released and the laboratory heating schedule using Arrhenius plots and assuming a plane slab geometry ( Figure 5 ). The activation energy (E) for each sample was obtained from the slope of the initial diffusion coefficients and is constrained to only about +10% due to significant scatter in the data presumably Figure 5 ). Finally, using the kinetic parameters, the thermal history is retrieved by repeated forward modeling of the age spectrum. The absolute temperature of the modeled thermal history is highly controlled by the choice of activation energy, but the form The granite body from which sample TH-SP-21 was taken is leucocratic, intensely fractured, iron stained along fractures, propylitically altered, and friable. Although TH-SP-21 Kfeldspar is altered, it provided both a sensible age spectrum and Arrhenius relationship (Figures 4 and 5) . The thermal history shown in figure 6 yielded a model age spectrum that is in good agreement with the measured spectrum (Figure 4) The K-feldspar age spectrum from sample BF-MO-5c shows an age gradient from -9 to 14 m.y. (Figure 2) . The alternating old and young steps over the first 30% of gas release is commonly observed for K-feldspars step-heated with isothermal duplicate steps [e.g., The thermochronologic data (summarized in Table 2 
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